RHINICHTHYS
bowersi was originally described by Goldsborough and Clark (1908) from Dry Fork at Harman, West Virginia, and from Shavers Fork of Cheat River at Cheat Bridge, West Virginia. Raney (1940) collected four specimens from the Cheat River in 1935 and, upon examination, redescribed R. bowersi as a Nocomis micropogon x Rhinichthys cataractae hybrid. Raney (1947) attributed hybridization to the use of Nocomis nests by R. cataractae. Cooper (1980) found Nocomis nests with R. cataractae eggs and larvae in them, but no hybrids. Simultaneous spawning of both species was never observed by Cooper (1980) All reports of "bowersi" have been from the Monongahela River system, with the exception of two Lake Erie collections (Ross and Cavender, 1977 ). To date only 145 "bowersi" specimens are known. A recent hybrid between R. cataractae and a second species of Nocomis, N. platyrhynchus, was taken from the Greenbrier River of the New River system and is morphologically identical to "bowersi" (Stauffer et al., 1979) . Esmond et al. (1981) found N. micropogon and N. platyrhynchus to be electrophoretically identical. If N. micropogon and N. platyrhynchus are the same species, this specimen could be "bowersi", and its presence in the Greenbrier is explained by stream capture (Lachner and Jenkins, 1971; Hocutt, 1979) .
The objective of the present study was to use biochemical genetics to evaluate the taxonomic status of "bowersi. "
MATERIALS AND METHODS
Specimens were collected with a 1.5 m x 3.0 m, 0.32-cm mesh seine or electroshocking (220/ DC) unit. To avoid variation in proteins due to acclimation temperature the fish were carefully removed from the seine and placed into 200-L plastic containers fitted with standard aquarium filtration-aeration systems and transported back to the laboratory where they were held in 38-L glass aquaria for 5 days at 18 C (?0.5 C). Specimens were collected from two localities in the Monongahela River drainage: 1) Horseshoe Run, Tucker County, West Virginia, along State Route 7 at distances 2.1 and 6.5 river km upstream from the confluence with the Cheat River; 2) from the Youghiogheny River drainage, Snowy Creek, Preston County, West Virginia, at the spillpool of Terra Alta Lake and 100 m downstream. Voucher specimens were deposited in the collections of the Appalachian Environmental Laboratory Fish Museum (AEL), University of Maryland. Identification of "bowersi" followed Stauffer et al. (1979) .
Blood samples for serum protein analysis were collected by cardiac puncture with an unheparinized capillary tube. The blood was allowed to clot, then centrifuged at 12,800 rpm for 15 min, after which the serum was removed and placed in disposable culture tubes for storage in a REVCO ultra-cold freezer at -80 C.
Muscle Precast Pharmacia acrylamide gradient gels (4-30%) were used for soluble proteins from serum, eye lens, and muscle. A Pharmacia GE-411 chamber and EPS 500/400 power supply were used for electrophoresis at 75V (initial amperage of 75 ma) and 100V (final, 80 ma) for 18 hr at 5-10 C. The buffer system was 0.09 M Tris, 0.08 M boric acid, and 0.03 M Na2EDTA, pH 8.35.
Isoelectric focusing was done with precast LKB slab acrylamide gels of pH ranges 3.5-9.5 (buffer system-anode 1 M H3PO4, cathode 1 M NaOH) and 5.5-8.5 (buffer system-anode 0.4 M HEPES, cathode 0.1 M NaOH). An LKB electrophoresis chamber and Pharmacia EPS 500/400 power supply was used for isoelectric focusing runs at 200V (initial, 50 ma) to 300V (final, 6 ma) for 3 hr at 5-10 C. For each enzyme locus, the mobility of the most common electromorph of Rhinichthys cataractae was designated 100. Other electromorphs were assigned values representing proportionate mobility (x 100) relative to that of the standard. Enzyme and locus terminology follows that used in previous cypriniform studies (Rainboth and Whitt, 1974; Buth, 1978) . Electromorphs of identical mobility were assumed to be visualizations of genetically identical proteins. For two enzymes (ADK-A and EST-C), N. micropogon showed no activity whereas the other two forms did; in this case, N. micropogon was assigned a unique homozygous genotype.
RESULTS
Isozyme variability. -Extracts from each specimen (110 individuals) of Nocomis micropogon, Rhinichthys cataractae, "bowersi" and a mixture of the parental extracts, from both populations were analyzed for gene products at 43 enzyme loci. A total of 53 presumptive alleles were resolved. Relative mobilities of allelic products of the polymorphic loci and monomorphic loci, with interspecific variation, are illustrated in Fig.  1 . Allelic frequencies are listed in Table 2 . Of the 43 enzyme loci, 36 were monomorphic with no interspecific variation.
Several loci with diagnostically useful alleles were resolved for both species and "bowersi" (Table 2; Fig. 1 ). Two loci, EST-B and aGPD-A, are very important in the determination of the taxonomic status of "bowersi." If "bowersi" is a hybrid, one would expect the mixture of the two supposed parental extracts to be identical in allelic content to "bowersi." The alleles resolved from both supposed parents for EST-B and aGPD-A were not found in "bowersi." "bowersi" was also found to have alleles not found in either N. micropogon or R. cataractae. Isozymes for R. cataractae, 1.04 for "bowersi" and 1.05 for N. micropogon. Nevo (1978) reports that fish have an average polymorphism of -15% and mean heterozygosity of =0.050 which is considerably higher than the values found in this study.
General soluble proteins.-A total of three soluble eye lens proteins, and five muscle proteins was consistently observed on gradient slab acrylamide gels for all samples; there was no interspecific variation for either eye lens or muscle proteins. Serum protein patterns showed interspecific variation (Fig. 2) on gradient slab acrylamide gels. Analysis of the model serum proteins (Fig. 2 ) shows R. cataractae sharing four bands with "bowersi," and four bands with N. micropogon. "Bowersi" has three serum protein bands in common with N. micropogon. Six similar serum protein bands occurred in all three forms. Nine bands were unique to R. cataractae, five to N. micropogon and five to "bowersi." Intraspecific variation was observed for both species and "bowersi." The mixture of R. cataractae and N. micropogon serum yielded all serum protein bands found in either species. The five bands unique to "bowersi" were not expressed in the mixture. (Table 3) . Inspection of Table 3 reveals that the "bowersi" form is more similar to R. cataractae than to N. micropogon. Jaccard's similarity coefficient based on serum proteins shows the same pattern (Table 3 ). The mixture of extracts from R. cataractae and N. micropogon was more similar to N. micropogon than R. cataractae; this is because N. micropogon contributed more serum protein bands than R. cataractae (Fig. 2) . cluded the Lake Erie area (Hocutt, 1979) . Another possibility for the two Lake Erie records is that they do indeed represent hybrids of N. micropogon x R. cataractae, but separate from "bowersi" (Stauffer et al., 1979) ; however, their morphometric and meristic data were consistent with the Monongahela "bowersi." The record of N. platyrhynchus x R. cataractae collected from the Greenbrier River, may also be "bowersi." Esmond et al. (1981) found that N. micropogon and N. platyrhynchus were electrophoretically identical. The biochemical data for "bowersi" does not follow that reported for other hybrids. "bowersi" showed no evidence of inheritance of soluble serum proteins or isozymes from the supposed parentals. Comparisons of "bowersi" with the mixture of tissue extracts of R. cataractae and N. micropogon were not identical, which would be expected if "bowersi" were indeed a F, hybrid of these parentals (Fig. 1, 2) . In fact, "bowersi" had unique electromorphs for EST-B, aGPD-A and serum proteins which were not present in either of the supposed parental species. Electromorphs of AKD-A, ALD-B, EST-C and IDH-A (Fig. 1) induce one of the supposed parent species, N. micropogon, to spawn in captivity. Many species have not, at present, been observed spawning in the field, and in fact original descriptions of fishes do not require data on reproductive isolation, although it is usually inferred. Collections of "bowersi" from the upper Cheat River represented four distinct age classes based on scale examination (Stauffer et al., 1979) . Two large specimens of "bowersi" captured from Shavers Fork were dissected (Stauffer et al., 1979) . One had small ovaries with eggs approximately the same size as those of R. cataractae females collected at the same time; the other had normal testes. Recently, two males of "bowersi" collected from Snowy Creek had definite breeding tubercles, and another female had eggs apparently close to being ripe. "bowersi" appears to have characteristics of a species, even though meristic and morphometric characteristics are clearly intermediate between N. micropogon and R. cataractae.
Intermediacy of characters does not necessarily indicate hybrid origin (Aspinwall and Tsuyuki, 1968). Both N. micropogon and R. cataractae are quite similar biochemically (Figs. 1,  2 ), but they do have species specific isozymes, as does "bowersi." There are records of at least four distinct age classes of "bowersi" and the taxon apparently has persisted from at least 1899 to the present. The morphometric and meristic characteristics (Stauffer et al., 1979 ) and biochemical characters of "bowersi" are at least as consistent as those of the supposed parents. It appears that "bowersi" has the characteristics expected of a species. It is persistent in nature, occupies a distinct range, and has a unique combination of meristic, morphometric and biochemical characters. We recommend that "bowersi" be resurrected as a valid species of the genus Rhinichthys.
